Starch gel electrophoresis was carried out to estimate the degree of genetic differentiation and amount of genetic variability in a haploid laver, Porphyra yezoensis. Twelve isozyme loci were examined in three locations. Fst value which measure genetic differentiation was 0.623, indicating that the population structure of Porphyra yezoensis had caused more geographical genetic differentiation than many other diploid organisms. The proportion of polymorphic loci was 0.333 and heterozygosity over 12 loci varied from 0.100 to 0.141 with a mean of 0.127. The overall mean is similar to those obtained for various diploid organisms. High levels of genetic differentiation and genetic variability in these haploid plants can be explained by their system of propagation.
INTRODUCTION
Estimates of genetic variability in natural populations of various diploid organisms have been carried out by the technique of gel electrophoresis. Additionally, electrophoretic data are useful in measuring the degree of genetic differentiation among populations. Genetic differentiation may occur by factors such as mutation, selection, and random genetic drift. Genetic differentiation of enzyme polymorphisms was generally smaller in natural populations than in cultured populations (Fujio 1985) . It is well known that large amounts of genetic variation are present in natural populations. As summarized by Selander (1976) , the amount of heterozygosity in haploid wasps were only 38% of Drosophila (H=0.123) and 26% of other insects (H=0.180). Therefore, haploid organisms are expected to have lower genetic variability than diploid organisms. However, several studies on haploid microorganisms (Milkman 1973 , Spieth 1975 show no obvious differences from diploids. Recently, Yamazaki (1984) reported that the amount of heterozygosity in the haploid liverwort Concocephalum (H=0.167) was similar to that obtained for various kinds of diploid organisms.
Porphyra yezoensis, susabinori, is a eukaryotic and monoecious seaweed, and its life history is very different from ordinary higher organisms. The carpospores, which are produced in the adult thallus between winter and spring, develop into a shell-boring, conchocelis phase. The conchocelis is the diploid phase and produces conchospores, when matured mostly in autumn. These conchospores germinate and develop into the thallus which is the haploid phase. The thallus is also capable of reproducing itself by means of monospores. The available electrophoretic data on the genetic variability of Porphyra yezoensis have revealed polymorphism at 6 out of 8 isozymic loci in wild populations (Miura et al. 1979) . They also revealed that the population of Porphyra yezoensis can be split into several subpopulations.
The purpose of the present work is to examine isozyme loci of Porphyra yezoensis, and to estimate the degree of genetic differentiation and the amount of genetic variability in these populations.
2.MATERIALS AND METHODS
Wild thalli of Porphyra yezoensis, susabinori, were collected from three locations in Miyagi Prefecture of Japan in April 1984. The three locations, Tomarihama, Yagawa, and Shichigahama are shown in Fig. 1 . All collections from a single location were taken at sites all located within 100 m apart. The thalli were sandwiched in filter papers to remove most of the free water, and then wrapped and stored at -80ºC for electrophoretic analysis. Each thallus was weighted and ground with four volumes of 0.5 M sucrose solution in a glass homogenizer. The homogenates were frozen for a day, and then thawed and centrifuged at 3,000 r.p.m. for 25 min. The supernatants were analyzed by starch gel electrophoresis, and the gel was stained for twelve enzymes. The enzymes were aspartate aminotransferase (AAT), catalase (CAT), diaphorase (DIA), glucosephosphate isomerase (GPI), glucose-6-phosphate dehydrogenase (G6PD), isocitrate dehydrogenase (IDH), leucine aminopeptidase (LAP), malate dehydrogenase (MDH), mannnosephosphate isomerase (MPI), 6-phosphogluconate dehydrogenase (6PGD), phosphoglucomutase (PGM), and superoxide dismutase (SOD). The electrophoresis and staining procedures were described previously by Fujio (1984) . Enzyme loci were expressed with the italic abbreviation, and the alleles were designated alphabetically from the most anodal to the most cathodal.
Heterozygosity was calculated as H =1-p i 2 , when p i is the frequency of the ith allele at a locus. This value is the expected heterozygosity obtained when two haploid gametes pair at random. Degree of genetic differentiation between populations was measured by Wright's Fst which is equal to o 
RESULTS AND DISCUSSION
A total of 12 enzymes were examined and all of them showed activities in the anodal region. Six loci coding 6 different enzymes (G6PD, IDH, LAP, 6PGD, PGM, and SOD) were monomorphic in all samples (frequency of most common allele 0.95 or greater). All of the remaining 6 enzymes were polymorphic in at least one population. Electrophoretic variants observed in the 6 enzymes are illustrated in Fig. 2 . AAT exhibits two bands in each thallus, but the lesser anodal band were Aat locus expressing stronger stainability, and the different phenotypes were characterized by three alleles, alphabetically designated according to their mobility. CAT isozyme showed only a single band in each thallus, and four different phenotypes were observed. They are controlled by four alleles A, B, C, and D segregating at the Cat locus. The B and C alleles were commonly observed and were identical to the two alleles reported by Miura et al. (1979) . The A DIA showed only a single band in each thallus, but different individuals showed faster and slower migrating bands indicated two alleles.
GPI and MDH activities were detected as three bands in each thallus. Activity of isozymes gradually decreased in accordance with the mobility, and sometimes the two most anodal bands were not visible. This confirms that the GPI and MDH have dimeric structures. The patterns suggests that two loci Gpi and Mdh code for different subunits which combine randomly. However, since the most anodal band was not always visible, only the slowest band was adopted as the Gpi and Mdh locus, respectively. The different phenotypes indicated that there are four alleles for Gpi and two alleles for Mdh. Alleles A, B, and C at the Gpi locus were identical to those in Miura's data but allele D is a new and rare. Two alleles at the Mdh locus were also identical to those in Miura's data.
MPI showed only a single band, and different phenotypes indicated two alleles segregating at the locus. Table 1 shows gene frequencies at the six polymorphic loci examined in the Mpi was at Shichigahama. Genetic differentiation was observed between the populations; Average of Fst was 0.623. This value is larger than that calculated from the data reported by Miura et al. (1979) , who examined eight loci in 11 locations of wild Porphyra yezoensis. Generally, smaller genetic differentiation of enzyme polymorphisms has been observed between natural populations in many diploid organisms. For example, the average Fst over 8 polymorphic loci was 0.11 for the eastern Bering Sea population and over 9 polymorphic loci was 0.16 for the eastern North Pacific Ocean population of Pacific herring, Clupea pallasi (Grant, 1981) . For Pacific Oyster Crassostrea gigas, we calculated Fst from the gene frequencies reported by Fujio (1979) and obtained an average of value 0.036 over 5 polymorphic loci. At present it is difficult to identify main cause responsible for the marked genetic differentiation of Porphyra yezoensis. It may be that the life history (mostly selfing and asexual propagation) is very different from other diploid organisms. Levin and Crepts (1973) studied the polymorphisms of 11 enzymes encoded by 18 loci in 16 populations of an asexual plant, Lycopodium ludiculum (fern) and revealed that the gene frequencies varied conspicuously among the populations, though these populations were geographically rather close each other. In organisms which reproduce by random mating, such a difference in gene frequency rarely occurs. Table 2 shows the proportion of polymorphic loci, average heterozygosity and Fst. To compare with the present study, the same items were also calculated from the electrophoretic data reported by Miura et al. (1979) . The proportion of polymorphic loci was 0.333 in the present study, and varied from 0 to 0.750 with a mean of 0.398 in Miura's data. The average heterozygosity varied from 0.100 to 0.141 with a mean of 0.127 in this study; and from 0 to 0.368 with a mean of 0.152 in Miura's data (1979) . There was no significant difference in overall means between both data. These values are not much different from those of other diploids; average heterozygosity was 0.170 ± 0.031 in the data for 8 different plants (Selander 1976) . Furthermore, Allard et al. (1975) could not find a clear rehationship between the mating system and amount of genetic variabibity in plants, that is, strongly selffertilizing species maintained levels of genetic variation equal to those of outbreeding species. This study demonstrates that the degree of genetic differentiation between populations of haploid plants is different from those of diploid organisms and that the amount of genetic variability is not much different from those of diploid organisms including plants. These findings are difficult to explain on the basis of overdominance. The interpretation of the data is not so simple, because both the extent of genetic differentiation and the amount of genetic variability depend on many factors such as selection pattern, population size, migration, mutation, and ecology. The population structure of Porphyra yezoensis is not well understood, but it is possible that a relatively smaller number of individuals produce a large number of descendants in each locality because they reproduce mostly by selfing and asexual propagation. Since the unit of inheritance is the individual, a particular allele may be fixed in the population by genetic drift. Such circumstance is considered responsible for the low genetic variability in some localities. Similar low genetic variability has been observed within groups of the asexual marine plankton, e.g., Thalassiosia, which were taken from widely separated geographic areas (Murphy and Gillard 1979) . On the heterozygosity of the asexual plant, Lycopodium lucidulum, Levin and Crept (1973) have also demonstrated that average heterozygosity varied considerably with population but the overall mean was not much different from the values for some vertebrates.
From the view point of the population dynamics of genes, selfing or asexual propagation transmits the whole set of genes in an individual to the offsprings. Since recombination of genes is virtually absent, alleles at different loci are expected to be generally in linkage disequilibrium. There is one more factor which supports this expectation, that is, the chromosome number of Porphyra yezoensis is n = 3 (Kito 1978). A study on the linkage disequilibrium of isozyme loci in Porphyra yezoensis has been made by Miura et al. (1980) . As expected, strong linkage disequilibrium was observed in all natural populations of this species.
It is difficult to make a definite conclusion about the mechanisms of maintaining these polymorphisms. Nevertheless, the assumption of the neutrality of isozyme polymorphism will at present be the simplest and easiest interpretation of the data. A more detailed study about the population structure of this species is warranted.
